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Chemical studies of fish bioluminescence 
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Watasenia preluciferin (I), first isolated from the squid Watasenia 
scintillans, is a compound that plays a key role in the light emitting process 
of various bioluminescent marine organisms such as squids, shrimps, 
coelenterates, and fish. In the case of luminous fish, a well-known species 
is Myctophiformes and Stomiiformes especially the deep-sea photophores- 
possessing Myctophiformes fish (lantern fish), which is one of the most common 
and widely distributed luminous fish living in Suruga Bay and all throughout 
the Sea of Enshu and Kumano. Compound I was isolated either from the liver of 
Neoscopelus microchir (in Japanese, Sango-iwashi) or from a pair of large 
nasal photophores from Diaphus gigas (in Japanese, Suito-hadaka) while it was 
found neither in the photophores of N. microchir nor in the liver of D. gigas. 
On the other hand, a luciferase active toward Oplophorus luciferin (=Watasenia 
preluciferin) I was extracted from the flesh of D. gigas, whereas no 
luciferase active toward I or Cypridina luciferin was found in N. microchir. 
Later, a new type of bound form of I was isolated from the liver of D. gigas 
and the structure was established as Diaphus luciferyl (3-glucopyranosiduronic 
acid (II) on the basis of the spectral data and chemical evidence, and by 
synthesis starting from I. This compound II was also detected in the liver of 
Diaphus watasei (in Japanese, Hadaka-iwashi) and other examined Myctophiformes 
fish, but not in the liver of N. microchir. It is uncertain as to which 
system is more favorable for the fish bioluminescence, however, as far as I is 
concerned, the Diaphus bioluminescent system is comparable to that of 
Watasenia or Oplophorus, and not to that of Cypridina as previously observed 
by Tsuji et al . in 1971. 
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AB A method of measuring the enzymic activity of a luciferase includes contacting 
a luminogenic protein, such as a luciferase, with a protected luminophore to 
form a composition; and detecting light produced from the composition The 
protected luminophore provides increased stability and improved signal-to- 
background ratios relative to the corresponding unmodified coelenterazine. 
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AB Intracellular luminescent techniques requiring coelenterazine, such as 

bioluminescence resonance energy transfer (BRET), calcium detection, and 
intracellular reporter measurements, must accommodate the poor stability of 
this substrate in physiol. buffered solns. Coelenterazine degradation leads 
both to loss of luminescence over time, and increased background luminescence 
caused by enzyme-independent oxidation (autoluminescence) . Both conditions 
limit luminescence sensitivity by reducing the signal-to-noise ratio. 
Coelenterazine can be stabilized by derivatizing the enol oxygen with an acyl 
oxymethyl ether. This prevents spontaneous oxidation in solution while making 
the substrate available intracellularly upon cleavage of the blocking group by 
endogenous esterases. We will describe the stability of pivaloyl oxymethyl 
coelenterazine-h (POM coelenterazine-h) , and the effect of POM coelenterazine- 
h on intracellular luminescence, autoluminescence, and luminescent reaction 
kinetics. Also, we will present the characteristics of two other 
coelenterazine derivs. 
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Examination of Renilla exts. showed that Renilla luciferin is coelenterazine 
(I) . The structure of natural luciferyl sulfate was determined as II by 
comparison of natural and synthetic II. II was synthesized from I by 
sequential treatment with (AcO)20, MeOH/NH3, and pyridine-S03 complex and 
hydrolysis with MeOH/NaOH. 
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CASREACT 135:371764 
Antioxidants, 5 2-amino- (p-hydroxyphenyl) pyrazines and 3 (p-hydroxyphenyl ) - 
3,7-dihydroimidazo[l,2-a]pyrazin-3-ones were prepared and claimed useful in 
diagnostic procedures, as food additives, polymer additives and as UV screens 
in cosmetics. E.g., 2-amino-3,5- dibromopyrazine was treated with p- 
methoxyphenylboronic acid in the presence of bis (benzonitrile) palladium 
dichloride and 1,4- bis (diphenylphosphino) butane in a solvent mix of EtOH, 
aqueous sodium carbonate and toluene to give 66% 2-amino-3, 5-bis (p- 
methoxyphenyDpyrazine, which was demethylated with EtSNa in DMF to give 88% 
2-amino-3, 5-bis (p-hydroxyphenyl) pyrazine (I). In tests on inhibition of lipid 
peroxidn. 2-aminopyrazines possessing 2 aryl substituents, one of them being a 
p-hydroxyphenyl in o- or p- position with respect to the amino group, are 
endowed with antioxidative properties. However, the p-hydroxyphenyl conferred 
more activity when located at position 5 than at position 3. The presence of 
p-hydroxyphenyl groups at both positions 3 and 5 as in I produced a very 
active compound Analogs lacking the free phenol groups showed reduced 
activities. Corresponding imidazolopyrazinones combined the properties of 
both the imidazolopyrazinones (delay of the onset of peroxidn.) and the 
aminopyrazines (lower rate of oxidation after onset) . 
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A method to detect the presence or amount of at least one mol. in a sample 
which employs a derivative of luciferin or a derivative of a fluorophore is 
provided. 
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Klaubert, Dieter H. ; Bulleit, Robert F. ; 
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Chemical Communications (Cambridge, United Kingdom) 
(2006), (44), 4620-4622 
CODEN: CHCOFS; ISSN: 1359-7345 
Royal Society of Chemistry 
Journal 
English 

New highly sensitive latent bioluminescent luciferin substrates were designed 
and synthesized for monitoring mammalian glutathione S-transferase (GST) and 
Schistosoma japonicum enzyme activities. 
REFERENCE COUNT: 26 THERE ARE 26 CITED REFERENCES AVAILABLE FOR THIS 
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Zhou, Wenhui; Valley, Michael P.; Shultz, John; 
Hawkins, Erika M. ; Bernad, Laurent; Good, 
Troy; Good, Dave; Riss, Terry L.; Klauhert, 
Dieter H. ; Wood, Keith V. 

Promega Biosciences Inc., San Luis Obispo, CA, 93401, 
USA 

Journal of the American Chemical Society (2006), 
128(10), 3122-3123 
CODEN: JACSAT; ISSN: 0002-7863 
American Chemical Society 
Journal 
English 

Novel bioluminogenic substrates were designed for probing monoamine oxidase 
(MAO) activity based on a simple and effective p-elimination strategy. By 
modifying the amino group and the central core of luciferin derivs., we have 
developed a series of substrates useful for assays of MAO A or B, or both. 
One of these substrates, exhibiting low Km values and high signal-to- 
background ratios with both isoenzymes, was shown to accurately measure the Ki 
values of known MAO inhibitors. This substrate is a key component in the 
development of a highly sensitive homogeneous MAO assay for high-throughput 
screening (HTS) of compds. in drug discovery and for monitoring MAO activity 
in complex biol. systems. This design strategy should be applicable to 
fluorogenic MAO substrates and could broaden the structural requirements of 
substrates for other enzyme assays. 
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A bioluminescent assay for monoamine oxidase activity 
Valley, Michael P.; Zhou, Wenhui; Hawkins, Erika 
M. ; Shultz, John; Cali, James J.; Worzella, 
Tracy; Bemad, Laurent; Good, Troy; Good, Dave; Riss, 
Terry L.; Klanbert, Dieter H. ; Wood, 
Keith V. 

Promega Corporation, Madison, WI, 53711, USA 
Analytical Biochemistry (2006), 359(2), 238-246 
CODEN: ANBCA2; ISSN: 0003-2697 
Elsevier 
Journal 
English 

This article describes a novel two-step homogeneous bioluminescent assay for 
monoamine oxidase (MAO) that is simple, sensitive, and amenable to high- 
throughput screening. In the first step, MAO reacts with an aminopropylether 
analog of Me ester luciferin. In the second step, a luciferin detection 
reagent inactivates MAO and converts the product of the first step into a 
luminescent signal. The amount of light produced is proportional to the 
amount of MAO and the time of incubation in the first step, but the 
luminescent signal is stable in the second step with a half-life greater than 
5 h. The assay has high precision, is more sensitive than current fluorescent 
methods, and can accurately measure the binding consts. of known substrates 
and inhibitors. An automated screen of the Sigma-RBI Library of Pharmacol. 
Active Compds. (LOPAC1280) revealed a surprisingly high percentage of MAO 
inhibitors (16%) with a low false hit rate (0.9%). This implies that a 
significant number of compds. interact with the MAO enzymes and suggests that 
it is important to include MAO assays in drug metabolism studies. Other 
advantages of this bioluminescent assay over comparable fluorescent assays are 
discussed. 
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Hydrolase variants that retain substrate binding, and capable of forming a 
covalent bond with a substrate, but lacking the catalytic activity to release 
the hydrolysis products are described for use in the immobilization of 
proteins onto surfaces carrying a substrate for the hydrolase are described. 
The binding of the hydrolase to substrate is more stable than that of the wild 
type enzyme. The catalytically inactive variant has at least two amino acid 
substitutions. Substrates for hydrolases comprising one or more functional 
groups are also provided, as well as methods of using the mutant hydrolase and 
the substrates of the invention. Also provided is a fusion protein capable of 
forming a stable bond with a substrate and cells which express the fusion 
protein. Development of a catalytically inactive variant of the haloalkane 
dehalogenase of Rhodococcus rhodochrous is demonstrated. Use of fusion 
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products with fluorescent proteins and enzymes in imaging in vivo are 
demonstrated. 
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Homogeneous, bioluminescent protease assays: Caspase-3 
as a model 

O'Brien, Martha A.; Daily, William J.; Hesselberth, P. 
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Promega Corporation, Madison, WI, USA 
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CODEN: JBISF3; ISSN: 1087-0571 
Sage Publications 
Journal 
English 

Using caspase-3 as a model, the authors have developed a strategy for highly 
sensitive, homogeneous protease assays suitable for high-throughput, automated 
applications. The assay uses peptide-conjugated aminolucif erin as the 
protease substrate and a firefly luciferase that has been molecularly evolved 
for increased stability. By combining the proluminescent caspase-3 substrate, 
Z-DEVD-aminoluciferin, with a stabilized luciferase in a homogeneous format, 
the authors developed an assay that is significantly faster and more sensitive 
than fluorescent caspase-3 assays. The assay has a single-step format, in 
which protease cleavage of the substrate and luciferase oxidation of the 
aminoluciferin occurs simultaneously. Because these processes are coupled, 
they rapidly achieve steady state to maintain stable luminescence for several 
hours. Maximum sensitivity is attained when this steady state occurs; 
consequently, this coupled-enzyme system results in a very rapid assay. The 
homogeneous format inherently removes trace contamination by free 
aminoluciferin, resulting in extremely low background and yielding 
exceptionally high signal-to-noise ratios and excellent Z 1 factors. Another 
advantage of a luminescent format is that it avoids problems of cell 
autofluorescence or fluorescence interference that can be associated with 
synthetic chemical and natural product libraries. This bioluminescent, 
homogeneous format should be widely applicable to other protease assays. 
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AB The present invention relates to single and dual reporter luminescence assays 
utilizing reagents to quench an optical, e.g., an enzyme-mediated 
luminescence, reaction. In one embodiment of the invention, a reagent is 
added to an assay which selectively quenches a first enzyme -mediated 
luminescence reaction without affecting a subsequent distinct enzyme-mediated 
luminescent reaction(s). An assay kit containing one or more selective quench 
reagents, and compns. comprising the quench reagent (s), are also provided. 
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AB A mutant hydrolase optionally fused to a protein of interest is provided. 

Thus, Rhodococcus haloalkane dehalogenase DhaA with His-272 substituted with 
Phe is capable of forming a bond with a chloroalkane substrate for the 
corresponding nonmutant (wild-type) hydrolase which is more stable than the 
bond formed between the wild-type hydrolase and the substrate. The 
chloroalkane substrate contains a functional group which binds Ca2+ or K+ , or 
Na+, is pH sensitive, is a radionuclide, is electron opaque, is a chromophore 
or fluorophore, is a MRI contrast agent, is a substance that fluoresces in the 
presence of NO, or is sensitive to reactive oxygen. Substrates for hydrolases 
comprising one or more functional groups are synthesized comprising TAMRA-, 
FAM-, and ROX . 5-C14H2404-C1 or biotin-C18H3204-Cl, as methods of using the 
mutant DhaA and the substrates of the invention for cell imaging in vivo are 
provided. Mutant Staphylococcus aureus p-lactamase (blaZ) -based tethering of 
functional groups is also demonstrated. Also provided is a fusion protein 
capable of forming a stable bond with a substrate and cells which express the 
fusion protein. 
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AB The invention concerns methods and kits for improving the accuracy of 

luciferase-based assays for high throughput screening of compound libraries by 
reducing the number of false hits. A method and kit is provided for enhancing 
the tolerance of an assay reagent to compds. in an assay sample, the assay 
reagent including a lucif erase enzyme. The method includes contacting the 
luciferase with a tolerance enhancement agent in an amount sufficient to 
substantially protect luciferase enzyme activity from interference of the 
compound and minimize interference by at least about 10% relative to an assay 
not having tolerance enhancement agent. Tolerance-enhancing effect of 
detergents on the inhibition of luciferase was studied. Minimization of false 
hit occurrence using tolerance enhancement agents such as detergents was 
demonstrated. 
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AB The present invention provides methods, compns . , substrates, and kits useful 
for analyzing the metabolic activity in cells, tissue, and animals and for 
screening test compds. for their effect on cytochrome P 450 activity. In 
particular, a one-step and two-step methods using luminogenic mols., e.g. 
luciferin or coelenterazines, that are cytochrome P 450 substrates and that 
are also bioluminescent enzyme, e.g., luciferase, pro-substrates are provided. 
Upon addition of the luciferin derivative or other luminogenic mol. into a P 
450 reaction, the P 450 enzyme metabolizes the mol. into a bioluminescent 
enzyme substrate, e.g., luciferin and/or luciferin derivative metabolite, in a 
P 450 reaction. The resulting metabolite (s) serves as a substrate of the 
bioluminescent enzyme, e.g., luciferase, in a second light-generating 
reaction. Luminescent cytochrome P 450 assays with low background signals and 
high sensitivity are disclosed and isoform selectivity is demonstrated. The 
present invention also provides an improved method for performing luciferase 
reactions which employs added pyrophosphatase to remove inorg. pyrophosphate, 
a luciferase inhibitor which may be present in the reaction mixture as a 
contaminant or may be generated during the reaction. The present method 
further provides a method for stabilizing and prolonging the luminescent 
signal in a lucif erase-based assay using luciferase stabilizing agents such as 
reversible luciferase inhibitors. 
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AB A sensitive bioluminescent assay to detect proteases including caspases, 

trypsin and tryptase is provided. The method comprises contacting a sample 
suspected of having one or more caspases with a mixture comprising beetle 
luciferase and an aminomodif ied beetle aminolucif erin or a carboxyterminal 
protected derivative thereof, wherein the amino group of aminolucif erin or the 
derivative thereof is modified so as to covalently link a substrate for the 
caspase via a peptide bond to aminolucif erin or the carboxyterminal protected 
derivative thereof. If the sample comprises a caspase having a recognition 
site in the substrate, the substrate is cleaved at the peptide bond that links 
the substrate to aminolucif erin, yielding aminolucif erin, a substrate for the 
luciferase, in the mixture Luminescence is then detected. The method further 
comprises correlating luminescence with protease concentration or activity, 
i.e., increased luminescence correlates with increased protease concentration 
or activity. Also provided is a compound comprising aminolucif erin or a 
carboxyterminal protected derivative thereof covalently linked via a peptide 
bond to a protease recognition site such as a caspase recognition site, a 
trypsin recognition site, or a tryptase recognition site. A specific compound 
of the invention is a compound of formula I (R = peptide with an aspartic 
acid, lysine, or arginine C-terminus; R' = H, carboxy protecting group, e.g., 
Cl-6-alkyl, Ph, benzyl ester, counterion) . The invention also provides 
synthetic processes and intermediates disclosed herein, which are useful for 
preparing compds. of the invention. As described herein below, using a 
substrate for caspase 3 and 7 that was linked to either aminolucif erin or 
rhodamine-110, it was found that the limit of detection for the 
aminolucif erin-based substrate was 0.2 to 0.5 uU of purified caspase while 
that for the rhodamine-110-based substrate was 10 uU. As also described 
herein, it was found that the limit of detection of caspase expressing cells 
with the aminoluciferin-based substrate was 15 cells at 1 h while the limit of 
detection for the rhodamine-1 10-based substrate was 150 cells at 1 h. 
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AB A method of measuring the enzymic activity of a luciferase includes contacting 
a luminogenic protein, such as a luciferase, with a protected luminophore to 
form a composition; and detecting light produced from the composition The 
protected luminophore provides increased stability and improved signal-to- 
background ratios relative to the corresponding unmodified coelenterazine . 
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AB A method for increasing the sensitivity of a luminescent assay comprising 
carrying out the assay in the presence of an organic compound that reduces 
luminescence that is not dependent on the presence of an analyte by at least 
about 10 fold, and that reduces luminescence that is dependent on the presence 
of an analyte by less than about 7 fold. 
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Intracellular luminescent techniques requiring coelenterazine, such as 
bioluminescence resonance energy transfer (BRET) , calcium detection, and 
intracellular reporter measurements, must accommodate the poor stability of 
this substrate in physiol. buffered solns . Coelenterazine degradation leads 
both to loss of luminescence over time, and increased background luminescence 
caused by enzyme-independent oxidation (autoluminescence) . Both conditions 
limit luminescence sensitivity by reducing the signal-to-noise ratio. 
Coelenterazine can be stabilized by derivatizing the enol oxygen with an acyl 
oxymethyl ether. This prevents spontaneous oxidation in solution while making 
the substrate available intracellularly upon cleavage of the blocking group by 
endogenous esterases. We will describe the stability of pivaloyl oxymethyl 
coelenterazine-h (POM coelenterazine-h) , and the effect of POM coelenterazine- 
h on intracellular luminescence, autoluminescence, and luminescent reaction 
kinetics. Also, we will present the characteristics of two other 
coelenterazine derivs. 
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The invention provides kits and methods for increasing the sensitivity of a 
bio-luminescent assay, which employ an organic compound that, for instance, 
reduces luminescence that is not dependent on the presence of an analyte by at 
least about 10 fold and reduces luminescence that is dependent on the presence 
of an analyte by less than about 7 fold, reduces luminescence generated by 
luminogenic molecules not bound to an enzyme by at least about 10 fold and 
reduces the luminescence generated by luminogenic molecules bound to an enzyme 
by less than about 7 fold, or reduces autoluminescence by at least about 10 
fold and reduces luminescence that is dependent on the presence of an analyte 
by less than about 7 fold. 
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A method for increasing the sensitivity of a bio-luminescent assay comprising 
carrying out the assay in the presence of an organic compound that reduces 
luminescence that is not dependent on the presence of an analyte by at least 
about 10 fold, and that reduces, maintains, or increases the luminescence that 
is dependent on the presence of an analyte. 
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Assay kits for increasing the sensitivity of luminescent assays are provided 
that include an organic compound that reduces luminescence that is not 
dependent on the presence of an analyte by at least about 10 fold, and that 
reduces, maintains, or increases the luminescence that is dependent on the 
presence of an analyte. 
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AB The ability to specifically label proteins can help reveal information about 
protein functions and dynamics within the complex biochemical environment of 
the living cells. Here we describe a novel technology for covalently 
tethering functional groups ((FG), e.g. fluorescent dye) to a universal 
reporting protein (URP) within cells. The URP is a mutant. enzyme capable of 
forming a stable covalent bond to a modified substrate coupled to the 
functional group. In our initial approach the URP is a halo-alkane 
dehalogenase from Rhodococcus rhodochrous (DhaA) with a mutation in a critical 
active site residue. The activity of DhaA cleaves carbon-halogen bonds in 
aliphatic and aromatic halogenated compounds involving a typical hydrolytic 
triad. In this reaction an enzyme-substrate complex is formed by a 
nucleophilic attack involving Aspl06 and the formation of an ester 
intermediate; His272 activates H20 that hydrolyzes this intermediate releasing 
product from the catalytic center. A point mutation in DhaA involving a 
substitution of phenylalanine for His272 impairs the hydrolysis step leading 
to a stable covalent intermediate with substrate and any conjugated FG. This 
technology allows the labeling of mutant DhaA or mutant DhaA fusion proteins 
expressed in cells. A significant advantage of this approach is the 
flexibility to create labeled proteins with a potentially wide range of 
optical properties or other functionalities . The technology can be applied in 
different cells and organisms allowing a variety of experimental approaches to 
study protein function in living cells. 
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NOVELTY - A mutant dehalogenase comprising at least two amino acid 
substitutions relative to a corresponding wild-type dehalogenase, where the 
mutant dehalogenase forms a bond with a dehalogenase substrate which comprises 
one or more functional groups, which bond is more stable than the bond formed 
between the corresponding wild-type dehalogenase and the substrate, is new. 
DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) a method for detecting or determining the presence or amount of a 
mutant hydrolase; 

(2) a method for isolating a molecule, cell or sub-cellular organelle 
of interest in a sample; 

(3) a method for labeling a cell; 

(4) a method for labeling a cell; 

(5) a polynucleotide encoding the mutant hydrolase; 

(6) a mutant hydrolase comprising at least two amino acid substitutions 
relative to a corresponding wild-type hydrolase, where one substitution is at 
a position corresponding to amino acid residue 272 of a Rhodococcus 
rhodochrous dehalogenase or at a position corresponding to amino acid residue 
106 of a Rhodococcus rhodochrous dehalogenase, and a second substitution is at 
an amino acid residue corresponding to position 175, 176 or 273 of a 
Rhodococcus rhodochrous dehalogenase; and 

(7) a thermostable mutant dehalogenase comprising at least one 
substitution at a position corresponding to amino acid residue 175 of a 
Rhodococcus rhodochrous dehalogenase, which substitution is correlated with 
enhanced thermostability relative to a corresponding mutant dehalogenase 
without the substitution at the position corresponding to amino acid residue 
175; and a compound of formula XXIX-XXXIV. 

USE - The mutant dehalogenase is useful for isolating, detecting, 
identifying, imaging, displaying, or localizing molecules of interest; 
labeling cells, including live cell imaging; or labeling proteins in vitro 
and/or in vivo. 
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